We report a high average power and high pulse energy diode-pumped Nd:glass master oscillator power amplifier system that is consisted of a thermally-edge-controlled zigzag slab amplifier and stimulated Brillouin scattering (SBS) mirror for use of pumping source of ultra intense laser system. This phase conjugated system produces an average power of 213 W at 10 Hz in 8.9-ns pulse (2.4 GW peak power) with an optical-to-optical conversion efficiency of 11.7 % and a near diffraction limited beam quality. To the best of our knowledge these results represent the highest average power achieved from a Nd:glass based laser amplifier system.
Introduction
Recently, pulse lasers with both of high pulse energy and high average power, are strongly desired for various industrial and scientific applications such as laser peening, 1) laser processing,
2) high-energy particle generation, 3) hard x-ray generation, 4) inertial fusion energy (IFE) 5, 6) and so on. For such applications, it is desirable for driver laser to extract a large stored energy with good beam quality and high overall efficiency from a single amplifier aperture. A diode-pumped solid-state laser (DPSSL) based on Nd:glass gain medium has possibility for these requirements. A diode-pumping complements solid-state lasers in overall efficiency, long life time of pumping source, performance stability and system reliability. And the Nd:glass gain medium have a availability in large size and a moderate emission cross section (3.5 x 10-20 cm 2 ) suited to the large stored energy for high energy per pulse operation, however it exhibits a lower thermal characteristics for high average power operation. In particular, thermal wavefront distortion that is critical issue in high average power operation is strongly appeared in Nd;glass gain medium.
One of a solution to compensate thermal wavefront aberration is thermally-edge-controlled zig-zag slab (TECS) laser amplifier with SBS mirror. Thermal wavefront distortion parallel to zig-zag direction automatically compensated by zig-zag optical pass. Although many papers are reported the potential of zig-zag slab laser configuration and demonstrated the several kilowatt average power by this configuration, high energy pulse operation with high over roll efficiency has not demonstrated. TECS techniques that is consisted by actively heated edge claddings on the top and bottom of the laser slab to flatten the temperature gradient suppress a thermal effects perpendicular to the zig-zag averaging propagation. It was reported in our previous work. 7) A SBS mirror compensates the high order aberration in the laser slabs. A notable examples are reports of high beam quality of 100 W laser system using a Nd:YAG DPSSL system and a 150 W flash lamp pumped Nd:glass system. 8, 9) In this report, we have demonstrated 21.3 J laser pulse in 8.9 ns pulse duration at 10 Hz repetition rate with 11.7 % optical to optical (o-o) efficiency. To our knowledge, this laser obtained the highest average power from single aperture of a laser amplifier based glass gain medium with good beam quality and high conversion efficiency.
Laser system architecture
The concept of our Laser system is based on HALNA (High Average-power Laser for Nuclear Fusion Application) project at ILE, Osaka University. 5) This laser system consist of Nd:glass gain medium, diode pumping, water cooling, zig-zag optical path, a master oscillator -power amplifier (MOPA) system and multi-pass amplifier architecture, dual TECS amplifier with zig-zag multi optical pass and SBS mirror. Figure 1 shows a photograph of diode-pumped Nd:glass zig-zag slab laser system with TECS technology and SBS mirror. Front-end of the system is a combination of a 1053 nm, Yb-doped, distributed-feedback fiber pulsed oscillator and a diode-pumped Nd:YLF regenerative ring amplifier. The laser pulse amplified by front-end is optically expand to the full aperture of a slab amplifier by the anamorphic telescope, and it is cut out by the rectangular serrated aperture of 0.8 cm wide x 4.8 cm high. The beam image at this point is relayed the slab amplifiers by use of the vacuum telescopes with a spatial filter, and subsequently it passes the slabs four times each in two symmetrical paths. Finally the output pulse is ejected by a thin-film polarizer. A double pass of the 45° Faraday rotator provides a passive 90° polarization rotation, and its cross-polarizing scheme compensates for thermally induced birefringence in the slabs. An adaptive wave-front correction by using SBS has successfully installed into the system. Figure 2 shows the extracted laser output energy from the laser system at 10 Hz repetition rate operation. The maximum output energy of 21.3 J was obtained with o-o efficiency of 11.7 %, when the input pulse energy was 125 mJ. The extraction efficiency was 33.2% under the diode pump energy of 182 J (peak intensity of 800 kW, pump wavelength of 803 nm, pump duration of 200 μs). Waveform of laser output at 21.3 J is shown in Fig. 3 . 8.9 ns (FWHM) pulse duration is observed and then peak power of laser output was 2.4 GW. The far field pattern (FFP) of output beam at 21.3 J is shown in the Fig. 4 (a) . The energy occupation was calculated as the total intensity in the encircled pixels to that of the entire pixels in the far-field image. Over 60 % of the entire energy was focused in 2 times of the diffraction limit (TDL) spot. Figure 4 (b) shows the near field beam image at 21.3 J laser output. The spatial profile of intensity in NFP is as uniform as 55% of filling factor, which was defined as the ratio of the average intensity in the encircled area to the peak intensity of the beam profile. In addition, average fluence of laser output was 6.2 J/cm2.
Result and discussion
We have demonstrated the 21.3 J in 8.9ns at 10 Hz with 11.7 % o-o efficiency. To our knowledge, this laser obtained the highest average power from single aperture of the glass gain medium based laser amplifier.
4.Conclusion
In conclusion, we have activated diode-pumped Nd:glass zig-zag slab laser. Average power of 213 W (21.3 J at 10 Hz) was successfully achieved. The diffraction limited focusability was achieved by use of SBS phase conjugator. These results have indicated the potential of diode-pumped Nd:glass laser system with SBS mirror for high pulse energy and high average power laser driven industrial and scientific applications. 
